Numerical analyses (correspondence analysis, ascending hierarchical classification, cladistic approach) 
Taxonomy of the genus Flebotomus, created by Rondani and Berté (Rondani 1840 ) and emended to Phlebotomus by Loew (1845) , has relied on a small number of adult characters considered separately but on a priori grounds given discriminant values (monothetic taxonomy). During more a century, the genus has been subdivided into an increasing number of subgenus (Table I) . In 1982, Lewis subdivided Phlebotomus into 11 subgenera to which Abonnencius Ubeda-Ontiveros et al. 1982 and Transphlebotomus Artemiev & Neronov 1984 were later added. The former was synonymised with Anaphlebotomus Theodor 1948 by Lane and Alexander (1988) . Some authors gave generic rank to Spelaeophlebotomus Theodor 1948 , Idiophlebotomus Quate & Fairchild 1961 and Australophlebotomus Theodor 1948 . There is some uncertainty as to the appropriate rank for these taxa and their phylogeny, and the evolutionary direction of the characters used by systematists.
Numerical polythetic taxonomy simultaneously takes into account numerous characters without according any discriminant value, using advancements in information technology. Phenetic analysis expresses the inter-group relationships by means of factorial graphs and dendrograms. Cladistic analysis ends in the construction of cladograms, permitting the erection of filiation hypotheses and judgement of the direction of development of the characters.
MATERIALS AND METHODS
Selection of taxa -For the numerical analysis, specific taxa were chosen as the operational taxonomic units (OTU) (Sokal & Sneath 1963 ). An examination of the available specimens permitted us to select discriminant characters. Lewis (1982) considered that the genus Phlebotomus Rondani & Berté 1840 was composed of about 110 specific or infra-specific taxa, unevenly grouped into 12 subgenera. Four arguments led to the elimination of certain taxa from the numerical analysis: validity does not seem to be totally established on solid bases (morphological as well as systematic); subspecific position is probable; inevitable constraints on the coding of the characters in closely related taxa; finally, and above all, a crippling imbalance in the calculation tables caused by missing data Eventually 85 OTU's were retained. A preliminary cladistic analysis carried out jointly with phenetic analysis resulted in the establishment of the evolutionary direction and assessment of the validity of the characters. Twenty-three characters had to be eliminated, making the specific coding of each of the 85 taxa impossible, therefore 26 OTU's had to be excluded.
Choice of characters and definition of statesThe arguments of choice were: availability for all the taxa, absence of redundancy, clear definition of the states of characters and the stability of these states at a taxonomic level. Quantitative characters were, for the most part, excluded because of their variability. The description of the 85 taxa required the use of 63 characters and 176 character states (Table II) .
Numerical analysis -Following the tabulation of character states for each OTU (Table III) , analyses were carried out using an Olivetti M380 XP1 computer.
Phenetic analysis -Programmes were developed from those of the algorithm Analyse de Données of the software Biomeco 2.0 package (Groupe Biométrie CEPE/CNRS, Montpellier). Similarity tables of distance indices (Jaccard 1908) were transformed into multidimensional scatter diagrams, reduced to two dimensions by factor analysis, or into dendrograms, by ascending hierarchi- Numerical Taxonomy of the Genus Phlebotomus P Rispail, N Léger cal classification. In the latter, cluster analysis used intermediate linkage, and, in the absence of additional information, linkages at less than 50% similarity were considered as random.
Cladistic analysis -The MIX algorithm (Wagner parsimony), extracted from the PHYLIP programme, distributed by Felsenstein (1978 Felsenstein ( , 1985 , was used. This allows differentiation between occasional missing values and indeterminations, expressing characters of which no state applies to the coded taxon. Bias introduced by concentration of characters relating to a single organ is compensated by ascribing reduced weight to dependent characters. In the absence of sufficiently italics: characters secondarily rejected; (P): presumed plesiomorphic state; (#): terminology of male genitalia follows Abonnenc (1972) . Table I A
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well known fossils to determine plesiomorphy, the supposed evolutionary direction of the greatest number of these characters, required to root the phylogenetic tree, was supported from studies of other Psychodidae (Hennig 1972) . The construction of Wagner diagrams (Wagner 1961) used Manhattan distance (Legendre & Legendre 1979) , and took account simultaneously of the character states and the distances between OTU's.
RESULTS

PHENETIC ANALYSIS
The first axis of the correspondence analysis separates the species of the taxa Idiophlebotomus, Spelaeophlebotomus and Australophlebotomus from those of the others groups. The most important characters in this axis are the antennal formula in the female, the palpal formula and the morphology of the sensillae, the presence or absence of mesanepisternal setae, the shape of the wing, the structure and number of spines on the style, the presence or absence of intra-abdominal rods, and the morphology of the spermathecae. The second axis separates Paraphlebotomus and Synphlebotomus from Idiophlebotomus and Spelaeophlebotomus. The important characters here are the male genital structure (basal lobe, style, paramere, aedeagus) and the presence or absence of segmentation on the spermathecae. As with the correspondence analysis, ascending hierarchical classification ( Fig. 1) confirms generally accepted subgenera. While the subgeneric level overall is approximately 60% of similarity, the species of the subgenera Phlebotomus, Paraphlebotomus, Synphlebotomus, Adlerius and Larroussius join at a high level of similarity (70-80%). The species of the other taxa are further one from the other. 
CLADISTIC ANALYSIS -PHYLOGENETIC HYPOTH-ESES AND DEVELOPMENT OF THE CHARACTERS
First phylogenetic hypothesis -On the most parsimonious Wagner's tree achieved (Fig. 2) 1998 species of the subgenera Australophlebotomus and Phlebotomus quickly diverge from an early common branch. The next branch contains the species of the subgenus Anaphlebotomus. The three African species diverge very quickly from the Asiatic branch. The branch Kasaulius comes from the Euphlebotomus branch. The first node in the branch appearing afterwards would be a hypothetical common ancestor of Synphlebotomus and Paraphlebotomus. The terminal branches illustrate the abundant specific diversification within the subgenera Larroussius, Transphlebotomus and Adlerius, which are probably the most developed.
Evolution of the characters -One of the major interests of cladistic analysis is the consideration of each character individually: definition of its states, probable direction of development and the validity of its use. To investigate this, each one of the 63 characters used was followed from the root of the tree to its last branches. The principal conclusions from this study are: Antennae -Accepting the presence of two ascoids on antennal segments III to XVI in the female, as plesiomorphic by analogy with the other Psychodidae, Idiophlebotomus appears to be an ancestral group, Australophlebotomus seems be very well developed and Spelaeophlebotomus is intermediate. On the other hand, in the male, only three species of the genus Idiophlebotomus show the derivative state "absence of two ascoids on the third segment", a condition which disagrees with that of the antennal formula in the female, diminishing the cladistic interest of this character. The papillary formula of the antennae 1/III-IV-V occurs only in the four species of the branch Phlebotomus and in P. (Australophlebotomus) brevifiloides. However, the lack of data for the majority of the species of the taxa Spelaeophlebotomus and Idiophlebotomus prevents us from confirming that this state is really ancestral. Palps -The plesiomorphy of the absence of spatulate sensillae found only in Spelaeophlebotomus and Idiophlebotomus has not been formally confirmed, but is compatible with the structure of the phylogenetic tree. Palpal segments 3 longer than the others are seen in the group Spelaeophlebotomus -Idiophlebotomus which is probably ancestral. Thus this state seems to be plesiomorphic. Cibarium -The cibarium of the female is armed with teeth only in Australophlebotomus and the majority of Idiophlebotomus. The presence of a well developed armature in the neighbouring genera Sergentomyia and Lutzomyia leads us to believe that the analysis of this character should be done at a family level. Pharynx -The evolution of the pharyngeal armature seems to be in the direction of the development of structures from simple ridges towards large teeth with forward expansion. As the most well developed state is always found at the end of the branch, the development of the pharyngeal armature is probably an adaptative character as, perhaps, is the cibarial armature. Thorax -Following the examples of the American taxa Hertigia and Warileya, alone within the genus Phlebotomus, the species of the taxa Spelaeophlebotomus and Idiophlebotomus do not have an antero-inferior cluster of mesanepisternal bristles or scales. If one considers these groups as more primitive than the others, the hypothesis of a Genital pump and filaments -Exceptionally small or large genital pumps are apomorphic states. Development was presumably through the progressive increase in the ratio length of genital filaments / length of the pump. From the ancestral state "less than 3", it increases to "3-5" in Larroussius and Transphlebotomus, to "6.5-9" then "greater than 9.5" in Adlerius. Lateral lobes -The absence of spines on the lateral lobes is confirmed as a plesiomorphic state. The apomorphic state only concerns the apical spatulate spines of Phlebotomus. The number of spines increases from two in P. bergeroti and P. papatasi to more than three in P. duboscqi and P. salehi. Spermathecae -Cylindrical spermathecae seem to be ancestral. The presence of ornamentation on the reservoir wall of the spermathecae is exclusive to the developed groups: only the taxa Spelaeophlebotomus, Idiophlebotomus and Anaphlebotomus contain the species with smooth spermathecae. In these groups, the evolution from smooth, poorly defined spermathecae towards spermathecae with a well defined capsule cannot be confirmed. In the species with ornamented spermathecae, clear segmentation has progressively diminished. The overall development would, therefore, be from the smooth spermathecae to the clearly segmented spermathecae and then to the pleated or ridged spermathecae. The separate opening of the spermathecae ducts is a plesiomorphic character. major group within the subgenus Larroussius. It must be noted that the demonstration of this state requires delicate dissection and it is not possible to be sure that this has been carried out with all the species. Moreover, within the genus Phlebotomus, exceptionally long ducts are a synapomorphy of the subgenus Anaphlebotomus. Cylindrical spermathecae, without ornamentation, and with ducts of uniform diameter opening separately are, therefore, very likely to be close to the ancestral spermathecal structure of the group.
Second hypothesis -This analysis of the characters has led to the abolition (or in one case the regrouping) of certain characters. This reduction in the number of 63 characters to 40, subdivised into 102 states, brings the number of individual species considered to 59. Despite this loss of data at the specific level, the overall structure of the new phylogenetic tree is not seriously altered (Fig. 3) . Therefore the abolished characters have little influence on the first phylogenetic hypothesis. Some noticeable differences are, however, to be found. The taxa Spelaeophlebotomus, Idiophlebotomus and Australophlebotomus constitute one of the two initial branches of the tree. All of the known vector species of leishmaniasis are situated on the other branch. The branch Phlebotomus arises very early. Anaphlebotomus emerges from Euphlebotomus in two distinct branches. The subgenera which are probably the most developed, Synphlebotomus and Paraphlebotomus, then Larroussius, Transphlebotomus and Adlerius, divide up in the same way as on the previous tree.
DISCUSSION
Characters used and methodology -In future cladistic analysis, greater selectivity of characters is required, although the problem of separation of the closely related species will then become acute. Because of the taxonomic and phylogenetic importance of each group of characters, this choice would have to be reasoned and very prudent. Despite the technical balancing carried out, the characters probably do not carry equal weighting in the analysis. Thus, the probably adaptative characters should be accorded lesser evolutionary weighting. On the basis of their supposed development in related groups or at the level of the family, certain character states were considered a priori as ancestral. Some of these "postulats" were clearly invalidated by the cladistic analysis and the study of the characters within the genus. In order to root the phyletic tree, it is therefore necessary to limit the plesiomorphies at the beginning of the cladistic process, to those firmly established at the level of the family. In fact a study limited to the species of the genus Phlebotomus can only give a very partial insight into the development of certain characters in the Phlebotominae or in the Psychodidae as a whole. It is, therefore, essential to extend this study to other genera. Elsewhere, without hypothesizing plesiomorphies, the rooting of the tree by using of an outgroup such as Sergentomyia or another closely related Psychodid should be tried.
Taxonomy and phylogeny -The methods of 
